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ABSTRACT

The effects of repetitive, small-spot, incoherent light flashes on
pursuit tracking was studied in the BLASER tracking simulator under
bright and dim ambient light conditions. Ten experimentally naive men
served as volunteers. The target was a scale-model tank moving at a
constant angular velocity of 5 mrad/sec at a simulated distance of
1 km. A series of 5 flashes, presented at a rate of 20 Hz, were
presented during randomly selected tracking trials. Flashes were
produced with a miniature xenon flash lamp housed within the tracking
device and spatially filtered to produce a 100P retinal diameter spot
at approximately 50% of the maximum permissible exposure level.
Colored filters in front of the lamp were used to produce flashes in
the red and green portions of the visible spectrum. Unfiltered light
from the lamp produced white light flashes.

The flashes produced statistically significant increases in the
horizontal standard deviation error scores. These were manifested
mainly by lead or lag errors (crosshairs ahead or behind the target)
in response to the flash, followed by a return to baseline error
levels. The magnitude of this effect was greater in the dim viewing
condition than in the bright, as measured by the maximum aiming error
and the temporal course of recovery. No significant effect was
observed for flash color -- equal energy red, white, and green flashes
producing similar postflash performance changes.
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The effects of bright light flashes on military performance have

been extensively investigated (e.g., 1,2). For the most part, these

studies have been conducted with aviator personnel in flight
simulators to document the debilitating visual effects resulting from
environmental "white-out" following simulated nuclear detonation.
Typically, high-intensity, full-field, single-pulse, white light
flashes, of several milliseconds or longer duration, have been used to

produce visual dysfunction 'from the initial flash exposure and

resulting afterimages) and the effectiveness of this disruption gauged
by measuring the latency to complete some visual performance task

(e.g., correctly reporting a feature on an instrumental panel). The

exposed retinal areas have been generally many times greater than that
of the stimulus targets.

Ground troops engaged in combat may also be exposed to high
intensity light which could disrupt the successful completion of their
military mission. Pyrotechnics, high-intensity search lights, and

electronic strobes are all capable of producing visual disturbances
which could compromise both unaided-eye and daysight viewing,

especially under low-light conditions. Lasers may represent an
additional battlefield threat. Enemy forces could exploit the

exceptional brightness, accurate aiming, and nanosecond (10- 9 sec)
delivery properties of lasers by deliberately engaging and optically
countermeasuring soldiers (3). Visible and near infrared laser energy

collected and amplified through magnifying daysight optics and

received by the eye could result in permanent retinal damage with

accompanying long-term visual dysfunction (4). Lower-level, non-

damaging exposures, delivered before the onset of the blink reflex,

could result in temporary flash blindness and adversely impact mission
performance.

Previous work from this laboratory examined the effects of

chromatic strobe flashes on pursuit tracking performance with a
viscous-damped mount tracking device (5). Single-pulse, 538 nm -

centered (green) strobe flashes, almost 10 times below maximum

permissible safe exposure levels (and much lower than levels produced
by many military laser devices), were delivered to volunteers tracking

highly predictable moving targets. Flashes were full-field and exposed
a retinal area with a diameter of approximately 30 degrees. The

flashes produced significant disruptions of pursuit tracking
performance, as measured by increases in both horizontal and vertical

7 = - '.
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post-flash standard J-. iaticrn error -cr,, j'd,,r :. briFrt and o.

ambient light conditions.

An important aspect ;, i la-',r r J i uti r f - cur 7, u: fi. ded

systems is the characterisi.c , ier e I.,
small bear.s-ead with rf - t . l> I C: lo .. . I.
tactical distances 1: 1 2 Km. F .u i:- of I ,'

the eye would produco retinal a> oo,.res r,: -r*- :r tnzc -Q ,
microns in diameter and enco,-,paos an mary .i

produced by .. magnified v e w t! t. i arg,

tactical lasers may oporat. in
waveIengths in the visib ..r . . t .

therefore designec -o ex r1' ,w v.-
laser exposure, i.e., repetItive, - t :i !a,

diameter), white li;.rt ard chro matic asnt , r: .r ~ui ',i r
performance under both b-iJht a:; .il,) inblent .1

METHODS

\Voluntccr\ Ten mxeere:taiiy -a .e n 9 a- %, d, v

and 1 Department of th Ar ,y i IlJ::n: , ran, <r. e m . - •

years (average = 29 yr), erve c, rlu,- ta r

administered a battery of i : l 1,isua' tsts Pr ,
ophthalmological exam inat ion t -re and after IhP stud- C-. 11 c Cnc i

battery i rcl uded the Farnsworth--Musol 1 1 Test-H.. 7et . . r ,r

Test for Color Fi odr... . rch:-,r5 : :.i,, . e., ?cky, Jdc ,c ,95y)

the Ard,;n Test of Con' .st iSens itivit y. ;,rd drk- jj,ptar" . t

All participants were judged T o be within normal lI,'ts on L t:.
screenings before and after the study. before an- E xperimer' ]i or

clinical procedure, each part i.,ipant was briefed or t-e purp;sc y .1
study and was requesced to sign go vol unteer consent I"m "., p -dix.

Procedure. Pursuit tracking po.'orm nce !at.:_ w:;s c,' et ed urd-

simulated fie d conditions i;i th. BLASEP tr_. kin si mui;ti" (7) The

simulator consi sted of" a scal rr.odel W:,-rsaw iact T-KC tan- ,ar".... t o a

terrain board and a ull-sizod sandb-_og bur-ke- which housad -he

viscous-damped optic;]c tracking device. '.he target was track-mounted

and driven in a single direction from left to right at ? conste,-,
angul ar veloci y of 5 mradiiec. Tirr track wa.s laid out over a ievei

course at a constant arc ;'rorn the center post of tne tracking device
at a simulated distance of ,000 meters. jrials commenced wit- the
target stopped and the observers' crosshairs aligned with a r.5 mrEzd
aiming patch 7ocated ccntrall] between the turret and hull of the

tank. On the command, "Ready -- Go," the target traversed the terrain

for approximately 15 sec while the operator attempted to keep the

:rosshairs fixed on the target. An infrared light-em.tting diode,

located in the center of the aiming patch, was imaged by z television
camera mounted coaxiaily with the optics of the tracking device.

Invisible to the operator, its signal provided a reference point

source for a microprocessor and associated software to monitor
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Noc. 27 also housed wit i n troe tr (x q J:gcvi, -Th'-cL-e i ting F
a rea .,js fo cse U seJ IrIJ 7pat ii§, fl I n I d t .iu~ 1A r. re tin al
d iai e , er s p ot s 5ze11nJ1;o et r: t r Vr at r 'S
, ro Sso :Ii r s. T , 'i v , u ri' ecr rr r' ca ' C, fa sh

a-ipp ea r o t o Dr i n -it~ e 1'm I an kwrid "o r o :n ar0 r th an
et , ebu a~~o 1, to 0' 'Fo gal - r i a I

C 0n S I S ed o f fi ve p se ua 1 , ocurr" rg a a of 20
pulses ,! hromcitical nf It ir ed i it1 f ro0rr th 'r:%P w a 'U S to
produce "whi te" light C! Lis d c ' ~r 61t e n 'e w, rc used to
obtain ifla she'; wi thin ''I re 4  P and vref'' (No. il portions of

he vi.cil~ e speU ',ru!mi The. e c rc" worf' chosar tr) representl currenitly
or Pot sii V ly f'lod vis h e a'av2'e,_ngth laser systems. lJsing the
ra3diari e~nt'rLy rout put Ot'edWit'n- tne red ;, -toer e d ight as a
standr, n t utral 1 erns i Tv I cr F were used w it*h the unf IlItered and
greet iltered .' itht to pr .~uce approxi mat el y equal output energies
b etw eer f 1 sh on di !,io ns. Measured dosi metr,, of' the enierg ies were
cauico -ted to be nearly ';"timos bel ow maximum permissible energy
1level s f or humarn expusure t . t no t ime durn Fi thre course of the
study were volunteers exposed tolsr rdiation.

Ambient terrain liehtinF, w 3s contru: ed by isrngor removing a
separate neutral density filer with'in the optics of the tracking
device. Using a Spectra Mini spot photometer, the measured average
terrain luminance at the exit apertur e of the trackinrg device was
250 lM. 1rt under bright lig7ht c~ondi tions. UInder low-light, with the
neutral denisi ty f'iIt er i n p! ac e, luminance was calculated to
be 0.8 l'n/m. This level wa!s chosen to represent an early dawn/late
dusk condition. Light was permitte-d to enter the bunker only from the
optics of the trackinv device or from an overhead diffused
incandescent bulb. During the bright-light condition, average ambient

* luminance within the bunker was 5. 1m/m'. The bun~er lights were

turned off during low-I ight trials.

Each volunteer received four daily, 30-trial training sessions
prior to test day. Half of the trials were conducted under each of the
2 ambient lighting conditions. A 1-mmn rest period was provided
between each trial and a 10-mmi rest break was permitted between each
block of 118. An additional 10 min was permitted for partial dark
adaptation before tracking under the low-light condition. Summary
feedback information, in terms of percent time on target and
horizontal standard deviation scores was provided to volunteers
following the completion of each tracking trial. In previous studies,
these training conditions have yielded stable operator tracking
performance with a high level of' operator accuracy. A single
experimental session, identical to the training sessions except for
the insertion of flash trials, was administered on the day following
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hor iz on talI a!d v crtc -1l ai ;, n t- r r oa -p
centered .!ro unrd th e flasi. ., r. !z '~-" s of
fl ash e tfcs 9y Y ol: n V th r Par v -V r hr7 i z crnt at
tracki ng err or . 6scr a ra,- st f )' o OL I it I,
per formed soD eva: uate 1ie L -- ard post-fl a rh mne::: di~ iri

under bt~ch bright ) r I , - it -on d i,io ns fo r th -e - on t r. i)
chromatic fl ash trials, . l ' ' 'r each codt-rj.PoiOurn I*oi
horizontal! arnd vertiocal r iming error's ,-f'ore anl after flzaS', i'zr C als'-

rpcordec: -,nd cotrnorec,. I '' ~ F-n anlvAc AI'N9Vi n- -is usodt.

evaluate pro 'po)st V'a--zi!1 r~" r scoro:, '3 s -. fu1c' ion of Dmbient-
1ighting conditi on -.nd f lasY clor. Try- ioJC'vA was per' 5r:'O ci th th,
BMDP-2V progr ami for cclia lcixOdosi,.nr: (- Tne AN2<'A war
based upon a i xed-: Ce-ota; )deld with re--p, -ted 'easuros or to-.)
factors. The, 0

.
2

:Ic. of Lcth anoef wac,; ufsed for 0ihe analyses of
all the data.

Recovery o1l norma' pert orrvainowct siat-. by plott . ricaerg
absolute (lead/lag) errors fur ' oci. Iflash! . ighti nj condition for- al7l

subjects for th e ',-see per iod fol lowinrg f! ,sh iJnset an,- visual ly
inspectinrg the ti me at which, thc* average erro~r ro turn-d ,o baz TI i no
rates fthe '-sec period befo~re t he ash).
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Tob''' ': ' n 'o t o' ml irT 1 ' 4 Thifi'l F tl "re In; a sm-,
['It ~ t:1~ 'ci iwirT / 1 ~ ~ Ivariable

r r c! ro r1' vA. onn I 'ron ' control

f rom 'el -e rr I- . I-"! l' I I T, 9 pr r oo 5t Mean Y
h;) r i 7'.: iI r r''' T'' r, 1 IW irew'i'' ,i i t vs i ri rca n t for
-il i-.IT tb'- i-sT 'eI T'1n '"'i to . i n .Jse hr tontal S
T.ronicrn,- i-n!:' .it: -' -:'' i'~ tv rl :'- xiv r w iht is

'ons :;t't4 wzr : *iTi n's -t'-x' oin:. '-1 ."At
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TABLE

Summary of Paired t-tests for Horizontal Error
Pre-Post Mean Differences Under Bright and Dim

Ambient Light Conditions*

FLASH PRE POST MEAN
COND MEAN SD MEAN SD DIFF DF t-value FhY

BRIGYW7 A'fBTENT 1,IGHT

RED .082 .037 .229 .244 .15 9 1.94 NI
(.083) (.039) (.157) (.095) (.07) (8) (.05) (NS)

WHITE .105 *04,6 .180 .081 .07 9 2.2c <.5

GREEN .088 .039 .166 .113 .08 9 2.27 <.)5

CONTROL .074 .025 .168 .143 .09 9 2.I NS
(.076) (.029) (.1:2) (.04Q) (.09) (F) (1.7C) 0-S)

DIM. A'41 RTHNJ .!IJ.W1T

RED .232 .079 .441 .164 .21 9 4.25 <.05

WHITE .227 .1144 .443 .243 .22 9 2.3 <.(5

GREEN .267 .117 .403 .147 .24 9 2.6 <.05

CONTROL .286 .1"? .318 .155 .03 9 0.51 <.05

*The analysis was performed using Biomedical Computer Program 2V.

tThe P<.05 level was used to determine statistical significance.

*Data with Volunteer 8 scores excluded.

XJ
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Figure 3. Vertical SID error scores: 2.5 see prcfpost interval.



12 Levine

Summary of Pji .- 'ca Errur

Frf -P r,. M *: n i .f w-, or-,: r kri ht and Dir,
V fl ) nl ' . hi i j !i i u,;

FLASH PFE PO T FThAN
COND M k , D EAN t CI t-v . : PKB

.... p•, .i • , " -'j,

WHITE 92 S

GREEN ., 8 .K0'/ .,"7 .01, .1 ( 1. q 1S

CONTROL . 1 17 .,)O5 . 2" .,0 .01 9 1."b No

R E D .0 4 4 .9 :4. ' • 3 , . - .. ! -1.

WHITE .02: .007 .00: .045 .03 9 2. .0

GREEN .021 .009 .042 .A0i .02 9 i. :7 N?

CONTPOL, .2 1 .007 3052 .'36 02 9 2.05 <.C9

*The analysis was performd usi-g Biomedical Computer Pro,raim 3D.

f Thre P<.05 level war; used to determine statistical significan;e'.

t.
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Flaish Color. 7 h ni t t 0 -I -re rn( ti h-
0~r f e )f f I NIi 2 r'r -i 1: n , on r! T- 'n d PC n-L-f I aSh

ho) r i :<on tal :' error z<an r(,.- a r( x-,i m -i r / r. c. ca ". (Be enj of the
nre rve~i tbaenc cf a- t -I i st i i rn i f i crtre inr iV pr(--yos t T-tests

wi th Wr~- tn'~~'ltc a3Iawr r.. t-d ;. the preent

um 'rv ~ ~ , -,fav ALvcc "or "tnnlrd .ve~:

f F! 1 0.C ' i7 -' I ev t

Fri-? n rrcr 1 ifere!' -

F2C MEAF.l~rN !V'* F K PCFABIA *,1TY +
FR FE T'(Y

Frror

Frr'~r c

Light x Color .,)1749 1 .24 NS

Pre -Pos,4t

r i f ferenc es 1 .7!7016 23 < (.01
Frror .

1A -h t xPro-Post. 1 104t*O (

Frror l.20

7
lor x Pre-Post 2 .3083 .2 NS

Error 18 .31 A,2

ight x Color
x Prp/Post 2 .00661 .2" NS

Er ror 10 .02442?

*The anAlyclis wag performed using Riomedicnl Computers Program ?V.

+Thec P<.,)' level was ised to determine statistical signifirance.
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As expei-ttd, the ANOVA r-v- :1 i ~r i f~ a nt m a r e f c,, z for t oh
ambient light evtel ard prto/v ,(,u ~crcs. In addi tior, -1ta tt. ti c aI
s ig n ifi c a.nce cs Co n, I C. e t r lih t I've in t or ac t i
This lit ter f indinri, pr nd -,t~t fico t n ;,r) peot , ?r of' F"gure -',read ilIy explainted by tl-ie :ro subot r or izontal SO Prror scor es
a ss o ci a t ed w it h pcs t-t, a sn i g i p e rf C r cce. No ; ig r i f i ri n
effects were fourd for f" ash ccl lr or cc v i t-r Ict ior.- c cnt a r n
flash colrr. Ar, alddtic,.al ANDVI was Crforn.-d to d-2to(rmlnc t
effects of flash rar1 lii' i. evcl onr p-c. po.-'.. rear tOdJf) !I
sc ore s. A I 'h o u F ro t s h cn .~i iFhe f r3 h c rn r. if-e
flash col or, X1 light 'in i-on er, 'n-1 iI nL u
under the pres-nt I .t con-in(, a'- y~ ir -l c
high contrast tr- agrn rjred, -re, rd ''t,
flashes were eaua y of-tr ~nve in p, 1jci-IY in' e !-, r z c.
variabtle er-or raclking rat es.

Analysis ot 'Frdcking F rror. r cr1zna fST -- ) r ,r

utilized in Ih- pevouifir~z opcralo c-
around ar averagc Pot ct (i *\ -rsi rrs -,f ltrc
crosshairs ar e trans it Ed int r( . ., y h-*LL cr vz- ',j, h c
scores. AlthoughI providlg v- lrl uq oej rr

idditional analyices o!' opec' j, )r '3130c is '
directly a-,sessling the( pr.- -and c -i hvues of' ILh t 'a
error, i.e., the actual ra., e.i- d so res i -opr-es- -n
opertor's deviationsz fromr the I- entrl a'.rniLn pj,.-

Initi-a- airmiog error i'crepons( to - sc. Trackinig p-~rf, (
curves for all ten volunt. -7-F under toe brighV fth/;ioV'-sh n
low light/green flash con.Jitions at , pre,3ented in Figu-'s !I.- ,nu
The data sciown indicntc- toe icr izl rno po,-j.ti, n of the e
crosshairs sthrespe-t. t ) 'corter and are represr rtativ - or.-
the v -l1u nte er/li37h t I e v e 'Ic coor (-o tidi t io rt . Trese curves ci(e

s i m 11ar to t hoso presn t. d r 7 ur es 'I--f cx c -P't ih at ihc ha YI.,v e'
comtbined for all sut ent a r 'er-awz to a common :r afl jsb
onset). In aitneaclc p-!Int, of inf] e-t on ceinrpeners the s v(
aim point of a fsec nterval ogr ro- -2.0 cec Ore- '.c -4-.K0 Fve
post-fl,?sh.
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0.3

-0.3 BRIGHT AMBIENT LIGHT

WHITE FLASH4

-2 -1 0 1 2 3 4 5

SECONDS

Figure 4o. Individual tracking performance: Bright ambient light-
white flash.

*GREEN FLASH

SECONDS

Figure 4b. Individual tracking performance: Dim ambient light -
green flash.
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Whi gut - ', a it_ ex r -ot a, erfo: rat:, in u c. :hi
corno.-,x rc ar.,er , ven en i in p c, i c;c,, th cjr'er i rui at I

coe onoet )f v' -~ rI rc ' ra I r slte in Jt~~
leoa j or I ave t r o r, Q r. Ff -I ; - ; behi -A d trgeI,, e p.
d o wn1. ard dl. r cr I i ryve i V 'ct i Iy ). Ov er ql , pr-1r

Mately oqct. i~r~~ ci I i i p I; -d, , " ()ig h t o d jfffe r r,
grees , 1, 1h t yp ez 1' r - n - , f I i sh r, _ :r r en c e l r -i F
lead err~r, ac, o i '.. o :) uht: 11 '. le ad e r r c

A s m -1l nu r c) r ., a ho L. ' ' ', It(- c, i .p a
dic ~ rtc error. . iT i ,1 e r i ig:. r~: r I,'

l ow- Ii, iht cop en U b1 U Ot. .'~l oxe'l zo . er
the ,arger T 1el 4 eat pr a V c ' ''n c. s P i r y orc' r ..

had n,, 1)5 oervaL 1e f!ff ect ri ru l eoQu ern' r. -f3 n *,
monitoring o!f c,;erator perf'ormar:. calong~ w: uhje por
some CAf v-, vunteer -1, P', ec rov-l --d t he "s~~r ..
r eac t,, ors *o the on9sot o f t, ie f is co. "h P. w e- uy ',LI- y re t
ty a brief ex.oursion cif ")p cro- sh irs 'r the- d'.-Ct o!- drge
travel, typic 1lly result1.ing in -_ V(2ia '-rror. t.r~ 'y
response to the f oh vol-f,,teer. w!r i hit i cd i,.'
the targ.o Curr(eu:i1,rs cn:-ihir 1, uiig rce trr 6,er
accc-par~io -v 5 0.a 'rg ,V;. hT -,irear o: -rt

fl ash rrae: of ur r s. .' rgtne d ffe rec ,, in u, :~*.nd
On ce iv i, r i r ie it' Va.1 te ~an 0'fo.w> < r *

magnituid( and dAirati )n ,rnjor t., iI7> ;,tI'r1 _11 C,nl ;ior, ton
under the rg.

1Maximujm Abocl'' r' ; tbutions of 7rna :i',ium c-rc's.
the m ax ir,7um d i 3t ioi. t t- rf ao r rorr tar gut c:n t d ur -,
2. 0-re c pr e-fI a:- 3 a n c; a p s- fl 1:-,h t)po ,hs -A re p: oCr e: 0UJ

F igures 4 i-a h or '.a i :c/a .- ,h c't,i:,i or_- _nader ca' r ~.
and low-a'nbiert I LF-ht .-oniitie . 4 ce a c id and l tf rrors z c
ly result-cl it :1 m1,3 r ~ !q'r' - centeored or oftrtti~-
all the tracki og eorro~rs Ai- - x:' scd ),, at ccl ~ute vclu e. Iori'.i
scores are Sxr y f'ilo '0ir - -s, ra nge 'i;ni'cs -ire exprocs 3-da.

toD- and hottorn-most -ore:.m)d samrple means arr shown -, tne 0±

zontal 1 .n , rin th.: ringtc b-!-.. One Vort-flasn maximum error '31.
ocr both tide wr, ' t- rndieen P1 ash condlition under low-lieo -' 'xtee

b Jt he ; y!:t e m'Is r ecurdJi n g 7 A1)a bili t y ( ?5ir ad) arid,
pur pos es '.f 'i t a pr < s enta i an I. wo ,- s.,gired a value of 2.1, ;tra6
shown by t he iifteri aks :'or tlie wh ite and grelrn post- , a -sh ;-amp
distributions in igr b) Thl- horizontal dashed lin'.s Lt 0.2- Tr_,

in Figure 5la and at. -1.J0 mrood in Figure "lb represrnt, respectivePly.A
the limits of the target, board xd the front/rear end of the tdrk fro'-m1
the operator's c-ntral aiming point. (Because of the target loards'
center-cf-mass position along the tank's turret ring, the angular
subtense is slightly unequal from target center to the front l1.
mrad' and rear r?. 5 mradl ends of the tank. The ?.00 mrad wjlue.
therefore, represents a "compro)mise"l between th~ se two extents.)
Scaling difference., along the verti'al axes underscore the influenofe
of ambient light level on overall performance.
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Figure 5a. Nlaximum absolute error. Briitambicnt light.
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Figure 5b. Maximum absolute error: Dim ambient light.
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t? (I' fw %I t0* 1' (e' n ov e r n o rv r r

irro sec i-e -if "he- r - .i . ,- - a

The effe" o f t. ,-o c , T c :". m t r r c- .
increase fl 'IC-. ifl- err(t~ " i' '.'}' ,l'n, t i: r't,,rr, C -,n , , ' ., , re

levels. '-c-, m auseth, ,r r,, . (,: ) , , ."'V' r; rt4 , r. the
averag-e dl'v, -ation over ' ...'- c -:. t.v']: '' r cu-el sib : 
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over all s Libje.:ss sh rjcP .uL' l' ho -r }.i'l,"'¢.Th'>,", (.r t. reslt ' " "6...-'4 ii'

on~s rvative esttrn':te f" the 'CSu 4 A. r'' ,. in P of she ai f,-ef,:c

Howeve:r, ,sls, rime cocir.e o5  
" a~th rn,, .ov,.. [: c,,,a l ,,-v , : : -'i:-er b-, t.:

appror- h, * or hoth -'.biers ' n: error r t t ,e ea nt i

fairly rapid vY '1 - ' e p':;I- t', K a ",]th z:V there

difference in the cverU r-rr r r ariti uje the two ii hi t .en .
Return to bras In',, error %,, .s- c ired in br ,p ght. w 'n1r, s s

under low l'ih !, re'covery w'i o rxitI6-i 1)JT compiete by I so fr bay

flash condit,'n,.



] i'/ 1( - J

0.2.

0.175.
RED

E.................... W H TE

0.15/- GREEN

0.125 --

.05

.05-

.025--

-2 -1.5 1 -0.5 0.5 I 1.5 2 2.5 3 3.5 4 4.5 5

SECONDS

Figure 6a. Average absolute aimirw error: Azimuth Birilht ,micw

light.

/ "RED
0.8 - GREEN

• 4 l. ...... CONTROL

0.6--

0.4-

0.2

-2 -1.5 -1 -0.5 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

SECONDS

Figure 6b. Average absolute aiming error: Azimuth - Dim ambient
light.
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DISCUSSION

The effects of sinu': _ted "loser exposure on pursuit. tra cI!-'.
performance w,.r'e, :nve.tigat,,o. Repeti tive, nor -coherent, s - 1- p ,
white light arid chromatic !1 ain:s prcduae:f :!tatistical ly sign. .'.ar,

increases in horizontal S) t -icking -rrc. [hese wr rn ani n
mainly b7, initial "ad or lag errors (nrosshairs iehd -

target) in response to the flash and foli-ode' by o return to .e-fa.
performance levels. The mncni*tude T' he e.ffect wrs grcrtor ,,der th
dim viewing condition than under the brignt., a-, meu 1 b-t-! t',
maximum aiming error t.s wel" a. by the t-rp,)ra - couis- ci rec.,.ery.
However, under dim ,'if.wing conditions, the "lash frequaentlv re.,ti
in the presence of' afterlmage:o i Jr the ioitc. n of s'

reactions, both of" which could have ,,ontrituted tc the ir-:, se:'
performance decrement Abserved under this condition. 5a, h of f t.
could be expected under conditions if part ;l dark adaptitr _-I
the pupil was dilated and there was - conromitant ,! crease i:i .t, 'A
sensitivity. No siFnificant effeot wa i seen for f .sh -o>:r -rei.
whi te, and green 1l ashes o! equal -.nergy produc in eoui v&eet o .--
flash performance chatiges - a! thou, ,nalyses of the irir, - rc' s
under low light Figures h at i 6) :urge:'. Ohat the red f7. ma' icvc

resulted in a smaller trecki rig Iecr.m nt than eiih,'r the gr -,
white (the latter comrrising tie entire visible spetru,,) aifl
speculative, such findings wooLl provide confirmation t 'hC

subjective reports elicited from the olunters r-2 rdfi,: the
differences in the observed apparent brighcresse9 between the r-d ar,
the other flashes and would be in agreement with tte resul:; ex .cCe-
from a consideration of' the standard CIV ooserver -urve (11).

Investigators 'h) utilizing the BLASriR apparatus under s:,.iar
experimental conditions previ ausly found that sinvle 538 n:r - .entered
flashes, of radiant energy equal tr that used in tae presen. s. .y,
consistently produced large disruptlonis in pursuit trackirg p.Ertc.l-

mance. That study, however, i ncluded a ful I -field flash hose cnret
resulted in a protracted series of afterimages, partiall'y otbcari'
both the entire target and su-rounding t-rroir for several sf-condo
and often Fersisting into the ,ext non-flash trial. Tn addti,"r

flashes were frequently accompanied by large ctartle reaction3, Vhi:_n
further contributed to the frequently observed off-scale croc.shair. -

deflections. Retinal spot-si7z in the uresent -,tudy was limited to

100p , visibly just barely filling the area occupied by the b-l.'s-
eye of the target board. Reported afterimages, primarily confined to

the dim viewing condition, were generally brief, small, and raii'y

resolved. Indeed, at no time was even the target board obscured
either by the flash or the ensuing afterimage. In addition, analyses
of the data and reports from the volunteers suggest that the overall
startle valence of the flash in the present study, again primarily

confined to low-light trials, was much reduced in comparison with th.
observed effects in the previous study (5). Unlike the findings in
that study, no clear trends indicating a reduction in flash effective-

KB
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h" t W. ~TJ' .iz i~i r'e Jel nj jfcil f-g. LrI: aIld
yh gI aI ri pa e t rf, I a t'd t) It *i 11 b t 1 1u -1 r i :I i r ty o)f

r-t mu i r tx pes -i r (.

aa E ben z1tI t ed t hi at t e' ec0OK ('f. e- ass ed
p ro pe rIv only by is ci . tq r-n,t isrr, -efrie in I that such

ff c t'i r e ta sk Vpec( i F i ( I . nri 'I (n' i i tn c f " T Kt presen t
etuy, er fo',T.o' SM'nIl-. oi.o flish rt-sul ted in. perferranr c hinpes

htwore' on I m i n im~ P-'.il -nl t undor pto*'vi-w r~p (-cnd i ons.
mhl it ts Iem tng to -'pee i Ii t o n fl thef T -i t ir 1 7iri i(--it i rn s of

thes t, e agc a prto i -'e fx I r,.! ,1t i on of th : 11 ' h~ "r er
woc)r d is i i ffi il1 de o' ri:a nt r, i n T.:- m vise d by tf laboratory
si in i I r)n. Ahs Wh f! T r k I n e rr.) r ri t t-,- T do( i,.Cd in t he
i miii t ion air(,r p'rt-'on ti' if r,, thrse- proliiced it 1 ,-np- e irrent ly

f ieldd (!dt vices- (,.- ,, , 1.hrb ( -i I rt1 ,i o n shih i I(,we i r Trferm;ance
re~jijr-I in the, lU-o~rator.Y to, that in tefielIi re~mrus irnnwn. !7SIc h

far to roa ea rg r reidi f- Tb1 i i . aingula r veil Oi t% n ircto
o~f mov-oen-) .ini tbenig-n oper'iri Jnj condiitionsi, whi ieu for a
laboratory tckn srul ion , raiy not provide --ondi Ion1 typical of
aj comba t enivironment. Trireased comple(xi tv of 'ree m ot ion ,
v a rinb i I Jty o)f tiarg-et si i i v iePw ing a nd n e rai tin ,, -- rd i t ions which
ta ke irt o aouolntI var y ing prn ri! t iot)ns o f v is i b iIi t y, ( ontrast, and
noise, c ouldl result in less e,'ficient tracking- ina mor pronounced
flash e-ffec~ts. Finailly, ai wealth of bioeffe-cts dartai, plo-Ined from
bc)t h human in a rcc idc-nt li Tera iture f- i a 1n d s t jdIie -T ui 1i in primate
in i m ,i m odAeIs pp.11 '-igoe tha it dirPc t ed enrgitrpy ri d jt o n f rom

.-ser roir.s, due f to i T s speci a Iohe re ney, ene rgy I ens i ty, pule
' lrat iocri, ,ind ul tri fat deIi Ve ry pro pert i es, may produce-( eff ec ts muach
m ore imen ,t i oanl l y d i..rupl1)t i ng7 thari tho s- p)ro]d used ( by any b)road -band

r i rc i'. Pe.,us.' of all o iI f t hesep fn,-trs ,, t he e ffet o sf s mall- sp)t,
nonro~rnr fiseson pursuiit trackintc Tperformrin:'e observed in the
p roen rs tl v hou (1he e-ons idered eonnisecv IT iv'e.

CONCLUSIONS ANDF RECOMMENDATION S

This stuidy uised repet i t ive, 1ia 1-pt '>pnon-coherent

flashes, an order of magni tide below maiximum peniaibesafe exposure
levels nnd muach farther below levels ebri cteristic of military laser
devices, to as,,sess pursi It tracking, performqnce to larpe and
predictably moving, targets in the T.,A:'FR simulator. A series of
I- red, white, and preen flashes, pres:7ented at a rite of 20 Hz,
resulted in increased horizontal "TP error unde-r bright and dim-ambient
viewing cond it ions. Uinder low-i ight, the effet ts of the flash were
characterizred by both an afterimage, and -startle, renal ting in a
greater overall error mag!ni tide and lonper recovery times -under this
condition. Plash effects were -ittenun ted considernably under bright

I -h
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-' t,i r- tijl i w i I i n or~> p-~ -,2, t;, 1, r) ~f 'tIC
c () un t e rrmnPdJ A r v.-! r~ o-r t ir J v:r:. A ra ng o Oi 1t

energy with. efffcts jp-)n jvi'rforrivin -. m %K:r, fri:h et:'. wi. 11

be e va 1ua t ed inder % r'n~ r .-:of ar M i -h ~&V C r, to i' dat
potential. m-rhani:-ms r lit ir jefecr:.;:o..o T''rI I " !ql~ tf eifla

rplationsAlip botw'..n tie( --ite inl rpe-i !' (I cir ; * pc ', Y
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VO:'PNTF Ai'R,' T

1. What wi l he t:iminIstert,,i ur ,none to the vol tee-:S:

Prior to beginninf the study you will be given on cy.- ,xa P, ni tJ.01

to determine if you have normal vsual acuity, ,lark :i-rt'.tio
and color v is on. After thr, ey,- xfmii ritlon f,,ou will b -,-', .
partiecipate in n reries o!' tricki.n :,e .; , ns. T,,ri 1W

you will be asked to be seatod in "i Iimty lighted rilnug rnm
asked to accurately nim at truck mov'np targets thrut;k ' -}.I
scope in i laser designator device.

2. Pow long will your part iipationn last'?

Your participation will in,::l]d, on eye examintiun, ! hroe ,nlr :i-
sessions each of whioh will last 'ipproximately 1 hr 'i 5 trin ir-!
one test ses!.ion that will be comprised of "e' :.c '.i'O th.t
will last iprroxirn'ttely the same length of time.

3. To what tests or examinations will T he required to iubmit'?

a. Before being accepted into the stidy, you will be asked to take
an eye examination that in-ludes visual acuity, dark adapation,
color vision, anl visual inspection of your eye be ,iWhsic a,.

b. During the study you will be asked t' Pa rt'.cipate in sevra 'i

to 5), 45 minute s esa ion,. l)ring each s,..ssion v, u rii] nrac
targets with an optical tracking device and your perforrnnce of

this task will be measured. ha ch tracking session ,,:! b
scheduled on a separate day.

4. Why is the investigation being cond.icted?

With the increased use of optical devices for r-irgicg ani TnackirF
in the military, information is reauired concerning physio-,gicul
and behavioral factors which influence the soldiers ability to i.-

these devices. (3lidelines that will maximize the likelihood of
successful mission using these devices should be established under
conditions that are highly similar to those expected durin'
combat. such data can be used for training of tr:oops in tli
field.

APFFNPX A tont)

F:
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Has } r i a art ic 1 a t r y ,.n ir lr 1 via 1, Vr 20 1 with w hat

, What 7 ncn n v , n i ec dL C)r omforI . w I(x i .

Puring the, prrvetice and test sessions you w i b, iske to spend
approx ilt o I y hrs rota in a sPm i-dri rkn(-d saInbhag bunker.
P:uring. this sesion, yJiwli 1 bi sked to tr-ia a moving target
for period c. ip to ), sec. Rest periods will be inluded where
ne(ess'iry t,) prohibit the developmnt of Pa ii u. onsiderable
aittest ,Tn on your part will be requird to insure valid tracking
d'ia . 'uring. some of tht- tracking trials w,'u will be exposed,
withoutr warning, to brief flash of light. The flash is not
hasardous. The flash effects that ynu will experience are similar
to thosP produced by a standard photopraphic flash attachnent.
Those effects incl de reflex eyebl ink, temporary loss of dark
adaptation, and brief appearance of visual afterimages. These
flash effects !ire temporary and will last for only a short period.

'. What risks or hasards can be reasonably antici pated?

. What steps will he taken to prevent or minimize these risks or

hai-,rds?

Not applicable.

'W. Whit benefits, if any, may I expect from my partiipat ion in the
s t uI' y

Bone of the eye examination informttion mny be '. ,il far you.

10. What appropriate a I ternat ive procedures, if an1 i,,ip- it be more
advant:,,ieous to me?

None.

1 1. Hrew will my records and data be stard?

Al roords and data will be . tored in ai confidential file within

the T'ivia ion of Ccular HIazards, IA]R, P:BF. 0nly !-roject personnel
will have access to this file.

APPl'NPIX A (cont)
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I,). Where c,,an mnted !(- i I reni tm en t be rece ( i von Ih- 0 , ti- n

Med ion! treattment c-an be received Thi the( Visui xr ,r
the Division of (,cia rsr~ n loa ~etrn my -

"enter.

17. Who b, ne cotar a,-'d in refor'erct tr Thf 1-me~tr-: f ;-:i.'
sub ,ec T's riphts, aindf reerc rel!.%ted i n, 'ires

'PT ',-ie 'r. T>--ivd :amror C(T eara-' V -a -

ciny of The ablove i nforma tion. -hey 'anI I- (ii r

4. What are my oblipations to the pro,-ectl

Once you have bei-un the prn Jeet, we would Ii , ~o vJtaci

your pirt of' the froject since time 11 'otoo for ,,co. i av;, L~ 1
is adwoull1 add considerably to *1 - totail len(''.h o"'h, I
oven Juist a few of these p-irt ioipra:;,': did not rml' ticK I-il
of the protiect. Powever, you maiy revokie voir :e~c't' It > tif.
and withdraw fromy the pr')joct wi tho~it rudc.

15. What is the title of the: stuidy, whtre will it I,,-~u cd-~i
is the princ ipal investipatOr?

'he titleIv of this itu-,dy is The rlffoctst- of Peperit
Tncoherent "lashes on Pursuit Tricrkinp Perfoi mnnc ' i-,'vY
be conduic Ted wi thi n the PI vi.-ion of Oculn r llazai3 I-'
Ins9titute of' Reoearch, Presidio of San Francisco F ~':~p.
:r,vstjga-to-r will b e (PT ilichard r. 'levine.

Richard . evn '

CipT, Nsf-
Research yoalpr
LI ViSlon of Ocular ila- 7a r,1 o

Principrl v~ iiao

VRdwin '% !-e' tr~co,*P

Division of O(fiar -iA~a'
( 41 5-56 1 --';4,1'
Ren-pr ns l1e liic

AIFIND)IX A (Centl' I11(1101)



01l ICIAI. I)IS] RIJ HON 1.151

US Arin% Medical Researchi Walter Recd Arm\ li n'oi ut tc- Research
and IDmelopmno Conmnand Washington DC1 205112

ATTN SGRD-RMS/Mrs. Madigan
Fort )ctric:k, F~rede-rick %it) 21701)

Defenose Technical Information Center Commander
ATTN I)T[C-D[)A (12 copies) US Army- Medicai Research Institute
Cameron Station of I nlectious Di)seases
Alexandria VA 22 314 Fort Detrick, F-rederick MD) 21701

Director of Defense Research and Engineering Commander
ATTN Assistant D~irector, Environmental U'S Armsi Research Institute

and Life Sciences of Environmental Medicine
Wash ington DC 20301 Natick MA 0 1760

The Surgeon General Commander
ATTN: DASC-TL-O US Arm ' Instituote of Surgical Research
Washington DC 2031.4 Brooke Armv Medical Center

Fort Sam Houston TX 78234

HIQ DA 0)AS(;-i.AI
WASh DC 20310)

Commandant Commander
Academy of Health Sciences US Arm\ Med ic-al Hioengineering

ATTN HiS hA-CDM Research and Development Laboratory\
Fort Sam Houston TX 78234 Fort Detrick, Frederick VI) 21701

Assistant D)ean Commander
Institute and Research Support US Army Acromedical Research Laboratory
Uniformed Service- University Fort Rocker AL 36362

of Health Sciences
6917 Arlington Road
Bethesda MD 20014

Commander Commander
US Army Environmental Hygiene Agency US Army- Research Institute

Aberdeen Proving G;round MD 21070 of Chemical Defense
Aberdeen Proving Ground
Edgewood Arsenal MID 21010

US Armv Research Office Commander
ATTN. Chemical and Biological Sciences Naval Medical Research Institute

Division National Naval Medical Center

P.O. Box 1221 Bethesda MDJ 20014
Research Triangle Park NC 27709

Biological Sciences Division Commander
Office of Naval Research USAF School of Aerospace Medicine
Arlington VA 22217 Aerospace Medical Division

Diretorof ife ciecesBrooks Air Force Base TX 78235

USAF Office of Scientific Research (AFSC)
Bo~ing AFB
Washington DC 20332


